ABSTRACT. Apoptosis and necrosis are among several types of cell death. We stained the nuclei of Aspergillus nidulans grown in microcolonies with ethidium bromide and acridine orange to detect in situ apoptosis. Suspensions of conidia from 5-day-old colonies of the A. nidulans strains biA1methG1, G422, CLC100, and CLB3 were each put into two tubes. The suspension of one tube was irradiated with ultraviolet light for 20 s, whereas the other tube was not exposed to irradiation. The two suspensions were inoculated in complete liquid medium and 50-µL samples were placed on sterilized cover slips, spread on the surface of solid culture media on Petri dishes. After the micro-colonies were formed, the material on the cover slips was stained with ethidium bromide and acridine orange, placed on the lamina and observed under a fluorescence microscope. This staining method was efficient in discriminating normal nuclei from those going apoptosis and necrosis. Results have shown that irradiation provokes apoptosis but does not induce necrosis. There were no differences between the three strains and all data were considered to be statistically significant.
INTRODUCTION
Apoptosis is a process of programmed cell death ruled by numberless genes and phylogenetically preserved during the evolution. Its analysis is thus possible in Aspergillus nidulans, an eukaryotic model used in developmental genetics. In 2002, Sydney Brenner, John Sulston, and Robert Horvitz were awarded the Nobel Prize for the identification of genes that regulate apoptosis in Caenorhabditis elegans. Henceforth, interest in revealing and controlling the activation and blocking mechanisms of the apoptotic process increased for applications in degenerative diseases such as Alzheimer's and cancer (Kerr et al., 1972; Majno and Joris, 1995; Solary et al., 1996; Metzstein et al., 1998; Jeon et al., 2002; Amarante-Mendes, 2003; Hamann et al., 2008) .
Several factors, such as the welding of molecules to membrane receptors, chemical and therapeutic agents, ionizing radiation, DNA damage, and high levels of reactive oxygen species, may trigger the onset of apoptosis. The main characteristics of programmed cell death are chromatin condensation, DNA fragmentation, and the formation of apoptotic bodies that may be absorbed by neighboring cells without causing any damage (Anazetti and Melo, 2007; Stevens et al., 2007) .
Under normal conditions, apoptosis is indispensable for the development and maintenance of tissues and control of organ size because it is a process that maintains morphogenesis and immunity. Cell removal with genomic instability, which triggers homeostasis in organisms or, more accurately, the equilibrium between cell proliferation and cell death, also relies on apoptosis (Kerr et al., 1972; Cohen et al., 1992; Anazetti and Melo, 2007; Stevens et al., 2007) .
Many methods to detect in vitro apoptosis are available, including ladder patterns in DNA electrophoresis (Kerr et al., 1972) , terminal deoxyribonucleotidyl transferase-mediated dUTP-digoxigenin nick end labeling (Gavrieli et al., 1992) , ethidium bromide (EB) and acridine orange (AO) (Cohen et al., 1992) , Hoechst stain (Belloc et al., 1994) , 4ꞌ,6-diamidino-2-phenylindole (Tamm et al., 1998) , caspases 3-7 activity (Tamm et al., 1998) , and annexin V (Hammill et al., 1999) .
Each method has its limitations, from multi-stage procedures to time-consuming assays and the possibility of damaging cell membranes. Another common difficulty in many tests is the simultaneous counting of normal, apoptotic, and necrotic cells. The occurrence of a false (apoptotic) positive reaction is possible and would engage the researcher in a further morphological analysis (Renvoize, 1998) .
Staining with fluorescent AO and EB to detect apoptosis is a technique used in several cell types. This staining simultaneously quantifies and differentiates all types of normal cells in either apoptosis or necrosis. It is a simple, fast, and precise method for apoptosis classification (McGahon et al., 1995; Ribble et al., 2005; Tritz et al., 2008) . This study standardized the EB and AO nuclear staining technique to detect apoptosis in micro-colonies of the ascomycete A. (= Emericella) nidulans under normal conditions, and conditions of genetic damage caused by exposure to ultraviolet light.
MATERIAL AND METHODS
Strains biA1methG1 and G422 from the University of Glasgow (Scotland) were used in the current study. Strains CLB3 and CLC100 were also used and obtained from the Laboratory of Molecular Genetics and Development of Universidade Estadual de Maringá. Conidia from all strains were collected from 5-day-old growing colonies in complete solid medium at 37°C (Pontecorvo et al., 1953; Clutterbuck, 1974) , and placed in a water solution with 0.01% Genetics and Molecular Research 12 (3): 2895 -2901 (2013 In situ analysis of apoptosis in Aspergillus nidulans (v/v) Tween 80. The suspension was filtered in sterilized glass wool after heavy shaking. Each suspension was placed in 2 test tubes -control and ultraviolet -with complete liquid medium (Pontecorvo et al., 1953; Clutterbuck, 1974) . The suspension in the control tube received no irradiation; the suspension in the ultraviolet tube was irradiated for 20 s with ultraviolet B (UVB) radiation (0.24 mJ/cm 2 ). After the cultures were prepared, 50-µL samples from each suspension were inoculated on sterilized cover slips and placed on the surface of solid medium on Petri dishes. The plates were incubated at 37°C for 8 and 24 h. Micro-colonies were then stained on the cover slip with 10 µL stain in a 1:1 proportion of 100 µg/mL AO and 100 µg/mL EB, and immediately observed under an AXIOSKOP 2 PLUS fluorescence microscope (Zeiss, Berlin, Germany) with fluorescein isothiocyanate and Rhodamine filters at 100X magnification. Images were captured with a digital camera and evaluated using Axion Vision 4.8 (Zeiss). Images were retrieved and underwent counting for 200 nuclei. Analysis of variance and the Fisher least significant difference test compared results among averages. All analyses were performed using Statistica 7.1 (Statsoft Inc., 2005) 
RESULTS
Although the possibility existed that the wall of the hyphae would be thick enough to make stain absorption difficult, stains were absorbed by the hyphae and stained the nuclei. Another expected difficulty was that the 24-h hyphae would be less stained than those at 8 h. However, nuclei staining occurred regardless the developmental stage of the hyphae (8 or 24 h).
Stain absorption by nuclei in the hyphae was classified normal, apoptotic, and necrotic based on the morphological differences among the nuclei under different conditions. Figure  1A shows normal green-stained integral nuclei with normal diameters. Figure 1B shows that necrotic nuclei were red-orange-stained integral nuclei with a normal diameter. Figure 1C shows nuclei at initial apoptosis, green-stained nuclei with condensed chromatin and, thus, a smaller diameter. Figure 1D shows nuclei in final apoptosis, red-orange-stained nuclei with highly condensed and fragmented chromatin that forms apoptotic bodies. Each strain had a standard in the control, as expected (Figure 2) , although all strains showed that the average of the normal nuclei was significantly higher than that of apoptotic nuclei, which in its turn, was higher than that of necrotic nuclei. However, the number of apoptotic nuclei in the UVB-treated conidia was significantly higher than that in normal nuclei. Figure 2 . Statistical analysis of nucleus conditions (normal, apoptotic, and necrotic) in strains at control and ultraviolet light-treated conditions. cl-no = control condition, normal nuclei; cl-ap = control condition, apoptotic nuclei; cl-ne = control condition, necrotic nuclei; uv-no = ultraviolet condition, normal nuclei; uv-ap = ultraviolet condition, apoptotic nuclei; uv-ne = ultraviolet condition, necrotic nuclei. SD = standard deviation.
Statistical analyses of the results demonstrated no difference between the average number of necrotic nuclei in the controls and that in the UVB-treated nuclei. This result showed that UVB did not trigger necrosis.
The examination of stained nuclei confirmed the pro-apoptotic activity of UVB in A. nidulans.
DISCUSSION
Current assays adapt the nuclear staining technique described by Doonan and Cotter (2008) when the morphological study of apoptosis is possible.
Fluorescent staining intercalated with DNA is used for the characterization. AO penetrates healthy cells, stains the nuclei green, and reveals organized chromatin. Cells in early apoptosis have a condensed nucleus with highly condensed green-stained chromatin. EB, captured only by cells that have lost integrity in their cytoplasmic membrane, stains cells orange-red. Late apoptotic cells have orange-red-stained nuclei and extremely condensed or fragmented chromatin. Nuclei in the necrosis stage are stained orange-red with organized chromatin (McGahon et al., 1995; Coligan et al., 1995; Ribble et al., 2005) .
Wyllie (1980) has described a technique for apoptosis detection using DNA electrophoresis. The method has been used to visualize apoptosis in various cell types submitted to different unleashing situations (Arnoult et al., 2002) . However, the method makes use of DNA isolation of cells and the observation of its fragmentation compared with ladder standard that characterizes the DNA of apoptotic cells.
Recently, developed staining techniques of apoptotic nuclei have triggered in situ analyses of various tissues and organisms and, consequently, increased the resources available for the study of the mechanism of apoptosis (Telford et al., 1992; Jeon et al., 2002; Tritz et al., 2008) .
The DNA intercalators EB and AO have been used in various assays to identify and quantify apoptotic cells. Their use has several advantages, such as rapidity and capability of simultaneously identifying all possible nuclear stages (Telford et al., 1992; Jeon et al., 2002; Ribble et al., 2005; Tritz et al., 2008; Dogan et al., 2011) . Whereas AO stains normal nuclei (Rosenberger and Kessel, 1967) , EB stains only cells that have lost membrane integrity (Renvoize et al., 1998) .
Staining for apoptosis has already been used in cell culture (Dogan et al., 2011) , histological cuts (Gavrieli et al., 1992) , and fungi with cell walls. Protoplasts are obtained by the removal of the wall before staining (Leiter et al., 2005) .
An important contribution of current technique is its application in the staining of nuclei in the integral micro-colonies of fungi. To undertake in situ analysis of mycelium in different phases of development, we used cultures on cover slips with liquid culture medium. The method facilitated handling and staining and thus the observation of the entire colony.
During the assay, we observed that the cell wall did not interfere with staining, even when EB was used. In other cell types, EB could penetrate cells with a destabilized membrane at the start of apoptosis (Kroemer et al., 2009 ). This fact seems irrelevant in A. nidulans because both AO and EB penetrated the cell wall of the hyphae and stained normal, apoptotic, and necrotic nuclei.
The use of a filamentous fungus proved to be viable for the analysis of apoptosis in situ. In contrast to other eukaryotes, this fungus has cytoplasm compartments with 2 to 10 nuclei that communicate via septal pores and form hyphae lined with a cell wall. The cell structure makes the concomitant analysis of several nuclei possible (Morris, 1975; Kempken and Kuck, 1996) .
Various assays of each cell type have established specific times at which apoptosis can be observed (Arnoult et al., 2002; Tritz et al., 2008) . The current results show that nuclei can be stained using the EB/AO method after 8 h of growth. However, staining for 24 h provided more information, because after this period, the conidia had formed micro-colonies and had a greater number of nuclei. The distribution of nuclei among the septa and in the conidiophore structures could be seen.
The great number of nuclei at the start of apoptosis, even in controls, is notorious in the current study. It has been mentioned by Hammill et al. (1999) related to their use of annexin to stain B cells of mice lymphoma. These authors have reported that many nuclei identified as apoptotic reverted and did not die. A different apoptosis situation was registered. The same researchers have suggested that cells stained as early apoptotic cells may be at a senescence stage, a type of permanent arrest of the cell cycle first described by Hayflick and Moorhead in 1961 . Consequently, the nuclei may be registered as a type of "live-dead cell" that, in certain cases, may emerge from such a condition and complete the cycle (Hammill et al., 1999) . Observing this new type of cell condition featuring permanent arrest by means of the AO/EB staining technique is an important methodological contribution to the study of the cell cycle and associated mechanisms (control of G1/S checking, repair, apoptosis).
The methodology standardized in the current analysis may be used as an alternative for the in situ analysis of apoptosis in micro-colonies of A. nidulans. It contributed to the study of the cell cycle owing to its efficiency in simultaneously identifying the normal, apoptotic, and necrotic nuclear stages. Furthermore, the simplicity and speed of the procedure maintain the integrity of the material analyzed, an essential element in the investigation of cell cycle mechanisms associated with tissue development.
